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ABSTRACT 

This report analyzes the results of research into 
the relationships between such inputs as expenditure pec pupil and 
school district size and the average achievenent of pupils in basic 
subjects. The analysis focuses on production function relationships 
of education. The results of the analysis illustrate the probleas 
involved in constructing leaningful production functions fron data 
that are essentially cross-sectional* The data are discussed, a nodel 
of the educational process is proposed, and the probleas coucecning 
its iapleaen tation with available data are explored* Eapirical 
findings relate the aost iaportant inputs to the average achievenent 
level of 6th grade pupils who were present in the 4th grade, as well 
as to the average performance gain over the 2-year period. (Author/JF) 
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THE RELATIONSHIP OF SCHOOL INPUTS TO PtTBLI C 
SCHOOL PERFORMANCE IN NEW YOKK STATE 

A 

Herbert J. Klesling 

Consultant to The Rand Corporation* Santa Monica, California 
Introduction . 

In an earlier paper (14) the author related expenditure per pupil 
and school district size to average achievement performance of pupils 
in basic subjects In a sample of school districts in New York State. 

The focus of that pa;er was upon education considered as a local 
government service and examined the relationships of expenditure per 
pupil and school district size to the parformance of pupils fron roughly 
similar socio-economic backgrounds. Since the writing of that paper, 
these New York school data have been analyzed much more carefully with 
an eye to shedding some light upon production function relationships of 
education when considered as a firm. This paper outlines some findings 
from that research. 

It has l.'^en difficult for economists to establish production 

** 

functions for firms even In the private sector, and It would be pre- 
sumptuous to claim much progress In establishing production function 
relationships for public education. While a number of Investigators 
are currently engaged In this kind of work. It Is probably safe to say 

\ p 

that cross-section analysis Is more prooerly viewed as descriptive of 
^ ■ / 

Any views expressed in this paper are those of the author. They 
should not be Interpreted as reflecting the views of The Rand Corporation 
of the official opinion or policy of any of Its governmental or private 
research sr'onsors. Papers are reproduced by The Rand Corporation as a 
courtesy to members uf Its staff. 

**See (4), especially papers by Solow and Carter. 
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past school per<'onnance than technical production functions. It may 
be that the latter cavi only be correctly established with highly con-- 
trolled longitudinal experiments. The results given here are meant to 
give some appreciation of the problems Involved In constructl’^.g mean- 
ingful production functions from data thtc are essentially cross- 
sectional In nature and to present a descriptive report of hov schools 
In New York State — based upon a fairly representative sample — seemed 
to be performing In the late 1950' s. After a brief discussion of the 
data^ a model of the educational process\/lll be proposed and problems 
associated with Its Implementation with available data discussed. Em- 
pirical findings are given relating the most Important Inputs to the 
average level of achievement performance of sixth-grade pupils who were 
present In grade 4 and also the average gain In performance over the 
two-year period. 

Data and Data Limitations 

The data upon which this study Is based Is described to some extent 
In the author's earlier paper. Fourth grade pupils In 97 school dis- 
tricts were given the Iowa Test of Basic Skills (2h) In the 1957 school 
year and retested the next year as fifth graders and retes .* again the 

A 

third year when In grade 6. 

A dlocusslon of the strengths and weaknesses of achievement scores In 
basic subjects as a measure of public school performance was Included in the 

*Thla was also done fop grades 7-9 and 10-12, but only the results 
for the elementary grades are discussed here because of space limita- 
tions* It Is to be noted that all pupils present In a given year v;ere 
tested, not merely the pupils who had been tested In the first year. 
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author’s earlier paper and will not be repeated here* In that paper 
the achievement measure used was the average for all pupils present In 
a given year, a procedure which Is potentially dangerous since It Is 
possible that many of the students may have moved Into the school dis- 
trict Just prior to the year of the test, with test results therefore 

measuring performance due to the Inputs of other school districts be- 

* 

sides the one being measured* To avoid this danger the data were 
resummarized for this paper to represent the average performance for 
pupils In the sixth grade who w-»re also present In the fourth grade* 
This assures that the pupils whose performance Is being examined were 
present In the school district being studied for at least three years, 
and, given the mobility patterns described In the previous note, prob- 
ably for most of their six-year school careers* Test scores were 
averaged by school district fo>^ sixth-grade level and for gain from 
grades 4 to 6 fo'^ all pupils and for pupils In five groups strati- 
fied according to occupation of family breadwinner* 

A A 

Members of the original New ^ork State Stud^' project and the 
author gathered a variety of Information concerning characteristics 



For most of the school districts In the sample the mobility was 
not unreasonably great* Most smaller and medium-sized school districts 
had ratios of^ numbers of matched pupils to the greatest number of pupils 
present for 'tests In any of the three years between 70 and 80 percent* 
Using the greatest number of pupils present undoubtedly overstates the 
mobility rate soa^ewhat* In the 19 largest school districts, where 
mobility Is presumably the greatest, the average ratio for the best 13 
school districts wes 77 percent* The Oither four large school districts, 
however, had extremely high mobility ratus with the average percentage 
of matched pfores of the total In those districts being only 20 percent* 
Two of these four districts were not used In the analysis for other 
reasons, however* (See note below*) 

The ^^Quallty Measurement Project*^^ 
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of the school districts^ the most important of which includes the 
following variables: 

(1) Teacher-Pupil Ratic 

(2) Priacipals/Supervisors to Pupil Ratio 

(3) Special Staff Personnel to Pupil Ratio 

(4) E^cpenditure per Pupil on Books and Supplies 

(5) Median Teacher Salary 

(6) Average Salary of Teachers in the Top Salary 

Decilk^, in Grades Kindergarten Through Six 

(7) Average Socio-Economic Index of Occupation of 

Family Breadwinner of Pupils in Grade 5 

(8) Amount of School District Debt per Pupil 

(9) School District Yearly Growth Rates 1950-1958 

(10) School District Size In Average Dally Attendance 

(11) School Property Value per Pupil 

(12) The Salary of the Superintendent of Schools 

(13) Median Salary of Principals 

(14) Expenditure per Pupil on Principals . Assistant 

Principals, and Supervisors 

(15) School District Value of Buildings' per Classroom 

(16) School District Value of Furniture and Equipment 

per Classroom 

(17) Median Years of Teacher Experience in the School 

District 

A feiT community characteristics such as tax rate, tax base per pupil, 
and type (village, urban, etc^) were gathered • Other community char- 
acteristics were difficult to obtain because school district boundaries 
are seldom coterminous with Jurisdictions used by the U.S. Census • 



The Importance of many of these variables Is obvious • The ratios 
of teacherSj principals, and special staff personnel are Important direct 
school Inputs. Expenditure per pupil on principals, assistant principals^ 
and supervisors Is a cj.ose proxy variable for the principals variable and 
possibly more accurate for purposes of measuring resources going Into 
supervision* Books and supplies are meaningful educational Inputs. 
Salaries and experience levels are attributes almost always Important 
to the operation of firms. 

As a list from which we hope to choose the variables which will 
explain school performance, It has real weaknesses, however. If an 
Investigator wishes to capture differences In personnel quality, salary 
variables will undoubtedly be found wanting, at least with respect to 
education. (This Is also true— and probably more so— with experience 
levels, especially for teachers.)** The fundamental reason for this Is 
the widespread use of the single-salary schedule In education In which 
minimum salary levels (and often, salaries actually paid) are a functloii 
of, and only of, number of years experience. Second, enough market Inper- 
fectlons exist such that salary levels In different locations are not 
strictly comparable. 



Tlie principals variable does not Include ’’supervisors.'* 

It appears from work done by Katzman, (13) Turner, (22) end In other 
analysis of those New York data, that additional experience beyond a 
certain point (which may come relatively early) In the teacher’s profes- 
sional career has little effect on teaching effectiveness. 

There were a large number of school districts (aboiit one-third) 

In this sample for which It was not possible to collect teacher-experience 
data and the variable la not Included In the discussion below. Multiple 
regression analysis for the approximately 60 school districts for which 
teacher experience data were available displayed the Interesting finding 
that experience was unrelated to the achievement performance of pupils 
from the top occupational background but significantly and positively 
related to the performance of pupils from lower occupational backgrounds. 
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Some salary variables are probably more affected by this than 
others. Of thoae on the list, the best salary variable Is undoubtedly 
mean salary of the top teacher salary decile. This Is because single- 
salary schedules have more effect upon salary floors than ceilings and 
more variance would be expected because of school district salary policy 

A 

In the top salary bracket than at any other level. 

The value variables, finally, are only weak first approximations 
and are highly Inadequate. No better data were available, unfortunately. 
From all the author has been able to observe concerning New York schools 
at this time It would appear that most of them used highly similar mixes 
of capital Inputs and therefore the value variables might be somewhat 
better than one would otherwise expect. 

An Educational Modeli Theoretical Considerations 

It Is not possible for an economist (especially) to build a model 
which Is satisfactory for understanding the educational procer-s. Much 
has been said by other writera conce*‘nIng a lack of a aatlsfactory 

A* 

theory of learning which would be a necessary Ingredient. 

Iret us tentatively assume that the quality of a child's education 
le causally related to four variates — the formal 8<^hool aucatlou 
process, the Informal home and environmental eduiiStlonal process, moti- 
vation toward learning, and native ability. In order to pursue the 
goal of examining the formal school process, it Is necessary to Isolate 
the effects of Informal hc^ae and environmental process upon the child's 



Except for beginning salaries perhaps. Beginning salary is a 
reJctlve^y good salary variable also. 

See, for example, (2), p. 4. 
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learnlng as much as possible. The child's moclvatlon to learn is a 
rather complicated factor In the learning process, being a function 
(at least) of home environment, liifluence of peers, and Influence of 
school environment. And finally the success of formal education pre- 
supposes the ability of pupils to absorb knowledge If only they make 
the attempt. The crucial question for the analysis of formal edu'^atlon 
Is whether enough of the non-school effects can be captured such that 
the findings for the school effects are Interpretable. 

Since dlfterences In native ability are either randomly distributed 
or associated with eoclo-economlc background, It seems unnecessary to 
use Intelligence test score as an explanatory variable for differences 
In native ability. If native ability Is associated with socio-economic 

status, the proper explanatory variable Is a socio-economic status 

A 

variable. 



*This represents a departure from the author's thinking when the 
earlier paper was written. 

Not using I.Q. scores eliminates the problem of simultaneity 
which was present In the earlier paper because Intelligence and achleve- 
Taent tests to a large extent measure the same thing. Because of this, 
both the tnagnltude and significance of the estimates for the expenditure- 
performance relationship were underestimated In the prior paper. Space 
does not permit a complete listing of the correct estimates. The follow- 
ing are the values for the t-statlstlc for the urban school districts for 
sixth-grade composite sco^‘e and gain In composite score from grades 4 to 
6 . 



Population 


Sixth Grade 


Gain 


Professional 


-0.41 


1.22 


Managers, officials 


2.26 


1.75 


Clerks 


0.87 


1.38 


Skilled, semi-skilled 


0.71 


2.30 


Unskilled 


-0.08 


0.70 



The model used had performance a function of expenditure, size, 
growth^ and occupation Index. As In the author's earlier paper, the 
middle SES groups show performance more related to expenditure than 
the extremes. 
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Piipll motlvatloa Is difficult to icconnt fov with tha data at our 

disposal. It might be assumed that the motivation imparted by the 

school is captured by achievement test scores themselves and therefore 

* 



no further notice needs be taken of that i spect. We have no good 
variable for capturing the Influence oi the pupil’s peer groups, al- 
though average occupational background of the pupils in the school is 
probably a fair proxy. The other part nntivatlon, as well as actual 
learning in the hop^" is a function of the home environment and a good 
socio-economic status variable might be expected to account for these 
Influences. 



Problems in Going fr om Theoretical Model to Empirical Mod el 

A number of problems stand between conception and Implementation 
of the scheme just described. They are of two types having to do with 
model specification and statistical application. 

Specification Problems 

Several specification problems exist. First it is necessary to 
specify the propar unit of production. Perhaps most proper in theory 
would be the pupil's experience in the irdlvldual classroom. The 



As Bowles suggests, (2) p, 9, there fs an element of simulta- 
neity introduced because of the relationship between achievement per- 
formance and motivation. Thus high achievement creates confidence 
which creates increased motivation which in turn p>*oduces higher 
achievement » etc. As Bowles also suggests, since we are merely inter- 
ested in performance levels, and not particularly in the process vy 
which the pupil arrives at high levels of perfctmance, this phenomenon 
is probably not germane to the present discussion. 
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smallest admlnlsr.ratlve unit In public schools Is the individual 

school building uuJer the administration of a single principal, while 

the smallest c ompletely independent administrative unit in the public 

schools is the school district, Richard Turner has shown that is a 

result of uniform hiring policies teacher characteristics were quite 

* 

homogeneous In a sample of school districts li. Indiana. On the other 
hand, we are aware that In some of the larger school districts quality 
of teaching and administrative personnel is not homogeneous between 
schools because of the ability of teachers, and to a lesser extent 
administrators, to transfer.* ** Thus teachers with greater seniority 
can be expected to transfer from ghetto schools to silk-stocking or 
upper-middle-class schools in most Instances. We have achievement per- 
formance data both by schoc I building and by school district and have 
summarized it on that basis. However, input data by school building 
is virtually impossible to obtain. An aggregation problem exists, 
therefore, which is difficult to overcome satisfactorily. 

Although the Turner findings offer some consolation with respect 
to this llfflculty, the school districts were examined for heterogeneity 
more directly. Differences in the occupational backgrounds of the 
children in different schools within each school district were care- 
fully examined, the hypothesis being that if the pupil characteristics 
vary greatly from school to school there is much greater likelihood 
that teacher characteristics differ also, since it Is because of such 
differences that “eachers usually ask for transfers Within the school 




*See (22) Chapters '» and 6. 

**See (15) Chapters i, 6, and 7. 
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district. Upon analyzing the homogeneity of school districts In the 

sample, seven were Judged to be excessively heterogeneous and those 

* 

districts were discarded from the analysis. 

Another Important Issue concerning these data concerns whether 
the Index of parent’s 'occupation accounts for socio-economic background 
differences on the part of school dlstrlctb and students In a manner 
which is reasonably satisfactory.** 'iVo problems are Involved. First, 

Is the occupation Index Itself reliable as an Indicator of socio-economic 
status? Second, If the Influence of socio-economic background Is removed 
with a stratification scheme which utilizes the five categories used In 
the analysis, are the stratification Intervals too wide to be helpful? 

The answer to the first q«.estlon would seem to be affirmative. ^ 

Kahl and Davis (ll) made a factor analysis of the relationships of five 
Indexes of socio-economic status to a number of other “Variables denoting 
socio-economic characteristics and found that the occupation Indexes 
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In the original data there were eight socio-economic occupation 
categories. For the purpose of summarizing the data by school, each 
Individual pupil’s classification from one to eight was taken and 
averaged Into a mean for each school building. Then we arbitrarily 
assumid that If an Individual school building In a school district was 
within one-half of one category of the school district mean that It 
showed homogeneity In the schodl district, while If It was within three- 
tenths of one classification from the mean It would show high homogeneity. 
Seven districts had less than 60 percent of their schools within one cate- 
gory of the district mean and were therefore discarded from the analysis. 

Of the seven districts that were not used, two were large cities, two 
medium-sized, and three were small cities. As a result of doing this, 
plus 9 slight underrepresentation of large school districts to begin with, 
large school districts are underrepresented In the findings that follow. 

It should be emphasized that a very large percentage of the school dis- 
tricts r sported upon in this paper were highly homogeneous from school build- 
ing to school building In terms of father occupation characteristics and that 
about half of the districts had only one elementary school building. 

**The occupational Index used Is an earlier version of that generally 
used by the U.S. Census. (7) There Is very little difference between the 
earlier and later versions of the Index. 
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(one of which being the one used here) were the m^^st highly correlated j 

with most characteristics. Haer (9) found that the occupation index, . 

while not as good as either education or a more complex index (Index of 
Status Characteristics), was nevertheless a good SES indicator. A read- 
ing of the sociological literature gives the Impressions that occupa- 
tion is well regarded as a status Indicator. Also, from all the 
author has been able to learn, it appears that the information it- 
self was collected with great care by most of the school districts I 



Medsker and Trent, in a study of college attendance, state: Of 

the several indices which reflect the socio-economic and family back- 
ground of any particular group within the general population, the 
occupation of the father is considered by many to be the best single 
index.*' (17) 

It is probably fair to say that comments in some of the economic 
literature have been overcrltlcal of the use of occupation in favor of 
Income. For example, Burkhead in nis study of high schools in Chicago 
and Atlanta, commenting upon the author's doctoral dissertation: "The 

... study depends on occupation of parents as the single measure of 
socio-economic status; this is unfortunately not a reliable measure of 
relative family Income among different communities." (5) 

It is probably only natural that economists would over-stress 
income as a socio-economic status variable. It would be helpful that 
those of us so inclined consider the following statement by Kahl and Davis 
(in explaining their f*»?tor analysis findings, p. 322); "Income stands 
in . • • Isolation. It aS an equal loading on both common factors, and 
not a very high one at that. Why is the amount of family income a poor 
measure of socio-economic status? Observation suggests that the core 
of status is a culturally defined, group-shared style of life, and in- 
come is a necessary but not a sufficient condition thereof. Values 
intervene between the receipt of a paycheck and its expenditure in . . . 
consumption. A satisfied blue-ccllar worker and an ambitious clerk may 
have the same income but a different mode of living. The former is 
likely to have a bigger house in a cheaper neighborhood, to spend more 
on automobiles, to save less, and to have working-class friends and 
beliefs. There is a great deal of overlap and variability at precisely 
this point of the stratification hierarchy, and it is at this point that 
we have to arbitrarily de-economize our variables. Income is probably 
a good index at the extremes, but weakens as one approaches the great 
’common man* group at the middle of our system." 

It is precisely in those situations which Kahl and Davis cite in 
the middle class in which income fails where an index of occupation 
would be more successful in denoting socio-economic status. 

o 
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which participated in the study, with the teachers carefully question- 
ing pupils as a double-check. 

The question of category width is a difficult one. The U.S. Census 
occupational groupings are obviously too wide to hold constant all, or 
even nearly all, environmental differences, although Duncan's findings (20) 
showing large differences in status characteristics between the U.S. 

Census categories would suggest that an important part of such differ- 
ences is accounted for. As discussed above, stratification is only one 
of two ways in which environmental differences are accounted for, the 
use of av r^. ' index for the school district being the other.* 



Statistical Broblemo 

It was necessary, finally, to deal with two Important statistical 
problems in formulating the multiple regression model. First, and loss 



A principal critic of the nttatlf Icetion scheme used by the author 
• is Bowles: (2) "Available evidence suggests that while this technique 
' (stratification) is certainly useful in reducing the multicolinearity 
among the explanatory varlablea, it is a thoroughly Inadequate repre- 
sentation of non-school effects on learning." Bowles cites a study (19) 
in which variables measuring home environment and parent-child inter- 
action explained large percentagea of variance in achievement scor<ft for 
black and white "lower class" urban children in the South. Bowles con- 
cludes that "The predictive power of dimensions of home environment 
within narrowly defined aocial strata suggests that an analysis using 
no other control for social environment will be subject of serious 
specification biaa." While Bowlea’ basic point la valid, surely he 
overstates his case. Duncan's findings offer one set of counter- 
evidence. Alao, the atudy Bowles citea utilized observations of indi- 
vidual children while in the New York data group means are utilized. 

Thla is an important difference and there is some question as to whether 
it is possible to generalize from one to thd other. 

There ia nothing in Bcwlea* quotation that tells us how wide the 
group of "lower class" urban children waa in the Peterson and DeBord 
work. The quotation from Kahl and Davla In the note above would suggest, 
moreover, that an occupational stratification scheme is at its worst in 
removing significant wlthiT.-group socio-economic effects for low-status 
children. Bowles' supposed (and possibly erroneous) demonstration that 
stratification is inadequate for the lowest category carries no inference 
O ^ with respect to the other categories. 
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troublesome, are the differences In the expected variance of error terras 
from smaller to larger school dlrtrlcts because a different number of 
pupil scores were summarized In each* This difficulty was overcome with 
the use of a weighting scheme.* The second problem exists because of 
the great multlcollnearlty which Is present between most of the school 
and community variables germane to our^ analysis, a problem which already 
has been widely recognized In the educational production function liter- 
ature*** Two procedures were used to deal with this difficulty. The 
first of these was factor analysis, which Is a helpful technique for 
exploring relationships between groups of collnear variables* Second, 
considerable experimentation was done In Introducing different combina- 
tions of variables Into multiple regression equations In order of con- 
tribution to the coefficient of multiple deternlnatlon* 

The factor analysis yielded a three-factor rotation which was 
disappointing io that many of the Important school variables were 
closely associated together In the first factor, which of course merely 
relmpresses the researcher with the essential collnearlty of the data*^ 
The other two factors were more Identifiable, however* The second 



Altken's Generalized Least Squares* See (8) and (10) Appendix B. 

**See, e*g*, (16), (18), (21)* 

For examples, see (3) and (12)* 

'^Varlablcs loading upon the first factor, with factor loadings In 
parentheses, v;ere: teachef-pupll ratio (*62); expenditure per pupil on 

books and supplies (*63); expenditure per pupil on health services (*66); 
average salary of teachers In the top salary decile (*94); average teacher 
experience (*'*53); value of school district property per pupil (*55); sal- 
ary of the superintendent of schools (*79); mean teacher salary (*92); 
expenditure per pupil on principals and supervisors (*46); mean salary of 
principals (*81)* The author has no good explanation for th» nega^^lve 
loading for teacher experience, fo)* which the expected sign Is positive* 







14 , 



-14- 



factor consisted of variables Indicating resources going toward school 
admlnlstrat'^on-supervlslon, while the third included school district 

ik 

property variables. 

The procedure of examining various combinations of variables in 
' 2 

order of contribution to R , while highly heuristic, nonetheless yields 
important statiptical insights which allow the researcher at least to 
discard variables which never contribute explanatory power to the model. 
If there are also reasons for the researcher to think that such variables 
are theoretically unimportant, he may eliminate them from the estimating 
model with a minimum of danger. The following list of variables were 
admitted as being potentially important explanatory variables for the 
school model, 

o Index of occupation 
o Teacher-pupil ratio 
o Average teacher salary 

o Average salary of teachers in the top salary decile 
o Average salary of principals 
o Expenditure per pupil on hooks and supplies 
' o Expenditure per pupil on supervisory personnel 

‘ * t 

o Value of school equipment per pupil 
o Value cf school buildings per pupil 
o Value of total school property per pupil 




Factors, variables, and loadings were; Factor II — principal to 
teacher ratio (,95); principal-student ratio (,96); average teacher 
experience (,43), expenditure per pupil on principals and supervisors 
(,37), Factor III--speclal staff personnel to pupil ratio (,32); 
number of pupils per classroom (,47); value of school property per 
pupil (,65); value of school district buildings per pupil (,85); value 
of school district furniture and equipment per pupil (,42), 

A test developed by Bartlett was used to choose the proper numbeir 
of factoxs in the rotation (see (1), p, 79), 
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Tbe Multlregresslon Model 
\ 



The list Just given was the basis for the explanatory equation 
used In the analysis^ Variables for value and supervision were sug- 
gested from the factor analysis, and expenditure per pupil for princi- 
pals and supervisors was Included as the supervision variable. Since 
all of the preliminary analysis showed the three value variables to be 
highly correlated, only one (that for total value) was retained. The 
same held true for the three salary variables; It would seem that ^'salary 
policy" Is a school characteristic which suffers from being divided much 
further. As discussed above, the salary of top teacher decile variable 
Is thought to be superior on theoretical grounds and It also turned out 
to be superior In explanatory power, and therefore that variable was 



chosen to represent salary pol..w^ . All other variables on th^^lst were 
retained In the' explanatory model. 

In bummarlslng the data, averages were computed for pupil scores 
on two of the five Individual tests — language and arithmetic — as well 
as for the composite score for all five tests In the Iowa Basic Skills 
battery, which are work-atudy skills, vocabulary, and reading, besides 
the two Just mentioned. The language and arithmetic scorea were used 
separately because It was thought that they represent better than the 

other three effects which are relatively more taught Ir. the school than 

* 

at nome. * 



Most educators think, and those of us who attended public schools 
probably would agree, that arithmetic skills are taught much less in the 
home than language skills. But of the two language-related tests In the 
Iowa battery, language la a test which Is directed toward the mechanics 
of correct expression, rather than vocabulary, and our thought was that 
mechanics might be relatively more a function of school than home. 
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To summarize the estl'^atlng model , then, the following multiple 
regression model was fitted to average pupil performance in five group- 
ings according to occupation of principal family breadwinner for the 
Ir.nguage, arithmetic, and composite scores on the Iowa Test of Basic 
Skills: 



Y - b, + b^O + b.T + b,E, + b.S,. + b.V + b.E + U 
1 Z 3 4D 5 10 6 f s 



where: 

Y = Average achievement score of pupils in the relevant 

grade and occupational grouping 

0 = Index of average occupation of breadwinners of 
pupils in grade 5 

T = Number of teachers per 1000 pupils 

H Expenditure per pupil on books and supplies 
^10 ^ Average salary of teachers in the top salary decile 

V H Value of school district owned property per pupil 

= Expenditure per pupil on principals and supervisors 



If we recall that average teacher salary and salary of the top 
teacher salary decile are highly correlated, the five school inputs 
in this estimating equation represent most of the resources used in 
public schoolst The index of occupation is used to capture peer-group 
effects and other aggregate socio-economic schbol effects which are 
not related to individual family affects which, it is hoped, are cap- 
tured through the stratification scheme* 

Finally, three variations of the model were used with respect to 
level of score as opposed to gain in score* These are further dls- 
cussed with the fadings below* 
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Findings 

The most Important of the fitted regression equations, from the 
analysis, are presented In Tables 1-3. The discussion of these find- 
ings Is best organized by topic. 

!♦ Urban and non-urban school districts 

In the author’s earlier paper It was found that educational expendi- 
ture levels are much less related to performance In urban and village 
school districts and In small school districts (less than 2000 ADA) In 

general. In this ana.^ysls It was decided to separate districts Into 

* 

urban and non-urban groupings and fit the model to each. Upon doing 
this It was found that only In the urban districts are the school Inputs 
important; the only significant variable In the village-rural districts 
Is the occupation Index. 

A number of hypotheses came to mind as to why the village and rural 
districts exhibit such random behavior. Their |^all number might pro- 
vide part of the explanation. This Is especially true If we consider 
each group separately. Also they are widespread geographically and 
often In non-competing teacher market areas.*** It Is feasible. 



There were too few observations In either the rural or village 
categories to provide enough degrees of freedom for taking them 
separately. 

A* 

There are 12 rural and 13 village districts In the sample. 

AAA 

Turner's analysis of teacher characteristics In Indiana 
schools suggests that school districts are romewhat at the mercy of 
the area In which they are found in obtaining teachers, with the most 
Important characteristics being availability of professional employ- 
ment for teachers' husbands and cultural attractions in general. These 
conditions vary much more widely for rural and village districts since 
teachers can to a large extent commute within most metropolitan or 
highly urbanized areas. 
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TABU 1.— rirrn) hulti?le ucaessiom e^’ai:dhs, cowosin rEKTOiMAJiCE, 
louA mrs or bj^sic skills, gaxx models, 

OUilt BCaOOL DlSTtlCTS* 



Soclo-Lcoooalc ’<r«iUp 
(Occup.tlon of Fullf 
Sreidvlnoer) 


Intercept 


" 

Indei of 
OccupiCloo 


le.cher- 

Pupll 

Ratio 


Per Pupil 
Expenditure 
on Books 
and Supplies 


Teache r 
SiUry 
Top 

Dec 111 


Value 01 
School 
Prcpcrty 
Per Fupll 


Per Pupil 
Expenoltu/e 
DO Principals 
and Supetvlsora 


fourth 

^.rade 

Score 


K 


■ 


■ 




1 Froie.iADQ.l 
Ferfoof 


2.26 

(0.21) 


.127' 

O.30) 


-.012 

(1.42) 


-.0065 

(0.70) 


.0013 

(0.29) 


-.00065 

(0.10) 


.0017 

<8.76)00 




44 


2.64 


0.36 


.706 


• 


3.80 

(0.18) 


.179 

(2.07)* 


-.011 

(1.47) 


-.0030 

(0.37) 


.0018 

(0.46) 


-.0014 

(0.25) 


.015 

<8.34)00 


.701 

(8.37)00 


44 


6.19 


0.36 


.792 


2 Propriftcri, 
M.rti|Cr.| ufllclfli | 


1.86 
(0.15) 1 


.241 

, (2.91)*oj 


-.010 

(1.45) 


-.016 

<2.19)0 


.0053 

<1.61> 


.0092 

(2.21)0 


.0044 

<3.02)00 




44 


2.45 


0.23 


.637 


- : ! 

;• 1 


2.21 ' 

, 


.251 1 

(2.97)*Oj 


-.0093 

(1.29) 


-.014 

<1.82)t 


.0066 

<1.41) 


.0097 

(2.26)0 


.0064 

(3.00)00 


.921 

(8.S0)o* 


44 I 


7.62 


0.40 


.179 


' 1 

) Clfrkj aod Kf'idred I 
Worker. ! 


1 2.11 
1 (0.17) 


1 

.244 

(2.52)0 ; 


-.018 

(2.13)0 


-.020 

<2.A0)o 


.0067 

(l.93)t 


.0099 

(2.07)0 


.0036 

<2.19)0 




44 


2.34 


0.21 


.4U 




2.13 

(0.17) 




-.018 
1 <2.06)0 


-.020 

<2.56)0 


.0067 

(1.90)t 


.0099 

<2.16)0 


.0036 

(2.03)0 


1.00 

(S.83)oe 


44 


7.32 


0.37 


.622 


4 .ad 3 Skilled .od 
Seal-Skilled Vork.rt 


2.29 1 
(0.18) 1 

1 1 


.10* 

1 (O.M) 

\ 


1 -.026 
! ''-.62)0 


-.0073 

<0.23) 


.0087 

(2.36)0 


.0067 

<1.19) 


.0015 

(0.77) 




43 


2.25 


0.70 


.296 


! 


1 0.46 1 

1 (0.17), 


\ -■«** 
(0.17) 


i -•'>1* 1 


1 -.0027 

<0.35) 

1 1 


.0089 

(2.59)0 

j 


.0061 

(1.55) 


.00047 

(0.24) 


1.341 

<9.84)0* 


43 


6.M 


0.37 


.129 


6 ( nsklUed Worker, 
•tv Strv.ntt 


1 2.01 
(0.20) 


1 1 

.316 

(2.72)00 


-.016 

(l.ll)t 


-.017 

<2.02)t 


.0056 

<1.13) 


-.0031 

(o.si) 


.0068 

(2.51)0 




43 


2.17 


0.23 


.370 




1.20 

(0.20) 


.256 

(1.70) 


-.015 

(1.43) 


-.016 

<2.21)0 


.0069 
(1 37) 


-.0032 

(0.54) 


.0058 

(2.07)0 


1.172 

{9.18)0* 


43 


6.H 


0.37 


.134 


All puplli 


1.91 

(0.16) 


.;55 

<1.24)00 


-.021 

<1.72)t 


-.0071 

(1.02) 


.0050 

<i.w> 


.0060 

(0.96) 


.0050 

<3.2l)*o 




46 


2.36 


0.21 


.551 




2.62 

(0.13) 


.360 1 

(3.45)OOj 


1 -.015 
I <2.01)f 


-.0026 

(0.35) 


.0051 

<l.57> 


.0030 

(0.71) 


.OOU 

(3.l2)oe 


.644 

(7.61)^ 


46 


7.45 


0.49 


.906 


- e 

« 




1.70 

C.tc|otlct 

(0-5) 


42.90 

rat 

1000 

PvpSU 


12.80 

1 


78.16 

t 

(lOO'i) 


20.92 

1 

(100'.) 


35.82 

1 


5.0/ 

Staodacd 

Cradea 










• 




0.46 


4.66 


4.42 


10.48 


7.39 


15.88 


0.34 











Stitlitletl Sl|Qlflc*Bt«i ♦ iaiicBUt ■l|rilfleAne« «1 l*o r«tctnl • Iftdtc»t«i iltAldcsLict 

4 t tLi flTt p«tc*ot )«vel, nk! ** InSlciUi iliolf Iciivti *t ihi or: f«rc«ot lirtl. 



gr«d« 

rtiut«4 
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TA3U 2. — FITTED MULTZi'^JC MjUSSIOV EQUATIONS, AXXTHKETIC PERFOKKADCE, 
lOVA mT5 or BASIC SKILLS, GAU HM)EL$, 

UUAM 6CBOOL ErXSTtICTS* 



Soelo-LcoDoeile c;roup 
(Occupation of Fajally 
Breedvlnoer) 


Intercept 


Index of 
OccupatioD 


Teacher- 

Pupil 

Patio 


Per Pupil 
Expenditure 
on Booke 
and Suppllca 


Teacher 

Salary 

Tap 

Decile 


value Qf 
School 
Pruperty 
Per Pupil 


Per Pupil 
Tipend I lure 
on PrlnclpaU 
and Supervlaor* 


p- 

Fourtl; j 
urade 
Score 1 S 


r 1 

. I 


■ 


,b 


1 Profeealone? 


2.24 


.C34 


-.020 


-.0099 


.OOftl 


.0063 


.013 ! 


’ I" 

|44 


2.39 


0.34 


.520 


pereona 


(0.2ft) 


(0.28) 


(1.92)t 


(0.84) 


(1.08) . 


(0.80) 


k'5.30)** 1 


' i 










4.13 


.047 


-.017 


-.0089 


.0074 


.0033 


.011 


[ .399 i44 


7.61;0.32 


.532 




(0.24> ; 


(0.41) 


(1.6ft) 


(0.83) 


(1.34) 


(0.71) 


(4.78)** 1 

( 


(3.51)**| 






i 


2 Propclctore, 


1.84 


.119 


-.022 


-.028 


.013 


.013 


.0033 1 


1 


2.24j 


0.28 


1 

,.452 


Meoetcre. OfflcleU 


(0.22) 


(0.9.) 


(2.08)* 


(2.34J* 


(rt.73)*« 


(1.90)t 


(1.65) 


1 










1.S2 


.113 


-.023 


-.029 


.014 


.012 


.0033 1 


1 

1.08 |44 


[7.22 


0.39 


1 .704 




(0.23) 


(0.91) 


(2.0ft)* 


(2.32)* 


(2.;i)** 


(1.90)t 


<l.ftl) 1 


(5.31)**. 

! 


1 

! 






3 Clcrke exwl Kindred 


2.33 


.261 


1 -.023 


-.016 


.0039 


.0033 


i 

.0013 


' 

44 


’2.171 


0.21 


i 

: ,267 


Vor here 


(u.20) 


(2.30)* ; 


; (2.33)* 


(1.73)t 


(!.♦?) 


(0.62) 


(0.80) 












2.31 


.261 


-.023 


-.016 


.0039 


0034 


.0013 i 


1.01 ,44 


i7. Olio. 31 


! .631 




(0.20) 


(2.24)* 


(2.31)* 


(l.72)t 


(1.44) 


(0.38) 


(0.78) 


(6.18)** 

’ 1 ' 


1 1 


' i 


1 


4 end S Skilled end 


2.02 


-.134 


-.013 


-.0029 


.013 


.0062 ' 


-.0062 1 


1 


2.09 


lo.23l.220 


S^-SAllled Vorkere 


(0.24) 


(0.9ft) 


(1.04) 


(2.37)* 


(2.61)* 


(0.83) j 


(2.33)* ] 


t ‘ 










l.>7 


-.087 


-.019 


-.0027 


.012 


.0060 


-.0048 


.639 ;43 


ftiftlj 


0.32; .328 




(0.24) 


(0.49) 


(1.32) 


(0.23) 


(2.2ft)* 


(0.79) j 


0.58) 


(4.41)**| 






i 


ft Cnakllled Uorkcre 


2.1ft 


.241 


-.0** 


-.013 


.0039 


-.0041 


.0026 


|ft3 


2.09| 


|0.19 


i 

1 .274 


end Servaete 


(0.31) 


(2.24)* 


(1.93/t 


( 2 . 12 )* 


(1.34) 


(0.76) 


(1.08) 








j 




0.88 


.178 


-.013 


-.018 


.0089 


-.0040 


.00072 


1.236 43^ 


'ft. 61 


0.35 






<o.n> 


(1.48) 


(1.70) 


(2.52)* 


(1.98)t 

j 


(0.77) 


(0.29) 1 


'’■"‘•‘1 1 


- 




I .803 


Alt Puplla 


i.82 


.168 


-.013 


-.0031 


,0097 


-.00058 


i 

.0021 1 


1 "! 




, 0.22 






( 0 . 1 » 


(1.72)t 


(1.72)t 


(O.ftO) 


(2.43)* 


( 0 . 11 ) 


( 1 . 12 ) 


1 1 I 


1 

1 




1 .341 




1.83 


.168 


-.015 


-.0050 


,0097 


-.00057 


.0021 1 


! .993 i46j7.13 


0.3ft! .773 




(O.lf) 


(l.Sl) 


(l.70)t 


(0.57) 


(2.39)* 


( 0 . 11 ) 


( 1 . 11 ) 1 


1(6.03)*** , 


















- 




J 


L > i _ . 1 


1 i 


1 





Stitiitlcal Sl|ol(lcftac« t t ledlcatci alialflciec* at ih« tea parceot level, * lodlcatca aliolflcaDca 
■ t tf)« ilvi parcaot level, eod ** lodlcetea elfalflceace et the one percent level. 

Vor each SU irou.t, the (Irat llae repreeeate the lilted equation for the la evtreie pcrfomence froei |redc t to 
frede ft vhlit the eocond le the equetloa fitted to frede ft ecrre vherc irede 4 ecore la ooe of the eiplenatorp varlehtca. 
Pl|utte under the roefflcleata ef »et reireteloo ere the itendard vtluea of t, vhlle the figure under the Intercept It the 
ete&dard etror of the aetleete. 

Corrected for derirece of freedo* loot. " 



O 

ERIC 



20 



TABLE 3.— FITTED MULTIPLE REGRESSION EQUATIONS, COMPOSITE PERFORMANCE 
GRADE 6, IOWA TESTS OF BASIC SKILLS, 

URBAN SCHOOL DISTRICTS 
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alsO| that the smallest districts are shaped much more by personality 

attitudes of individual administrators and tBachers* 

Becaupe of the lack of relationships for the village and rural 

school districts, the findings presented In the tables are given only 

for the 46 urban school districts, and the conclusions developed in 

the remainder of this paper are relevant only to urban school districts. 

2* School and socio-economic effects r elative to the output measure 
choaen 
*■ 

As discussed above, it was hypothesized that the language and 
arithmetic test scores would be more highly related to school Inputs 
{and by liupllcat Ion, less related to the Index of occupation) than the 
composite score. While the language and arithmetic results vere similar, 
school Inputs do not appear ho be more related to them than to the compos- 
ite score In any consistent manner (Indeed, the reverse Is more true), and 
so this part of the hypothesis must be rejected. It Is true, however, 
that the Index of occupation In In general .aore highly related to com- 
posite score than to the ot’icr two scort^, and this stands In partial 
support of the hypothesis. Because the language and arithmetic find- 
ings were slm,’’ar, only those for arithmetic are given In ::he tables. 

3 . Uee of level i if achievement versus use of gain In achievement 

Three variations of the model were used, and methodological Impor- 
tance attaches to whether the results obtained from each form were 

similar. In the first variant, the level of sixth-grade perfonnai.ee 

A 

was used. In the second variant, gain In performance between grades 
4 and 6 was used as the performance measure, while In the third, slxth- 

A 

The reader should recall that this refers to the sixth-grade 
scores r^f pupils also present In grade 4. 

o 
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grade level was used, but the fourth-grade score vae Introduced as 
one of tiie explanatory variables* Of these three, the third variant 
is theoreticalxy the most satisfactory if there is much pupil mobility, 
since It overcomes the mobility problem — which using sixth-grade level 
by itself does not — and also allows for Interaction effects between the 
fourth-grade score and other variables, which the straight subtraction 
dots not* When there is little pupil mobility between schools, the 
first variant is best, since it admits six years of school effects, not 
Just two. Tables 1 and 2 give fitted equations for the composite and 
arithmetic scores using the second and third variants, while Table 3 
gives findings for tiie composite score using the first variant* 

As the reader can see, there are no major differences in the 
results using either variant, a finding of methodological importance 
since future researchers, if these findings are generalizable, will be 
able to use level scores as a surrogate for gain. This is only general! 
zable to children who stay in school for the two years prior to the one 
studied, however, since this Is how these data were summarized** Of 
statlstfcil Interest is the fact that introducing grade 4 score as an 
explanatory variable does not explain so much of the variance that the 
other variables become insignificant* Indeed, the school Inputs appear 
more significant in the two gain models than they do in explaining the 
level of sixth-grade performance* 

A* rositive and negative school effects 

Turning now to some of the more substantive findings, the school 
input variables divide themselves rather distinctly into two groups* 

A 

However, use of scores for all sixth-graders Instead of those 
who were present also in grade 4 does not greatly change the results* 
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In the f^rst group are teacher-pupil ratio and expenditure per pupil 
on books and supplies^ and these variables are negatively related to 
pupil performance, often at advanced levels of statisiical significance. 
The second grojp includes the school inputs which, based on these data, 
we must conclude are those which are important Inputs to quality edu- 
cation. No one of these variables is uniformly important in all pupil 
populations although one of them always is. For two populations fcr 
the composite score (managers-of f icials , skilled workers) all three 
variables are sigiiificant together. 

The findings most in need of explanation are of course those for 

the two negative variables. Of these, the books variable — with an 

t 

average expenditure of only about three percent of current expenditures 
($14 per pupil) — is relatively Insignificant in terms of resource use. 

It is puzzling nonetheless. Perhaps the figure would more properly have 
been averaged over a period of years rather than taken from Just one 
year. A possible explanation might also be that school districts with- 
out the wherewithal to maintain high quality otherwise compensate some- 
what by spending more on books and supplies. 

Perhaps the most interesting finding in these results is that 
with respect to the consistent and significant negative relationship 
of teacher-pupil ratio to performance in these fitted equations '»nd this 
despite the fact that the first order correlation between teacher-pupil 
ratio and achievement performance la weakly positive . (This is true 
for the books variable also.) Perhaps the most logical explanation for 
such a finding is provided by some research done by Vincent, et al. 
several years ago. (23) In a study of 132 school districts, these au- 
thors conclude that in all but the poorest and rlchect school districts 

O 
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teccher-pupll ratio and salary policy are competing resources and that, 
when confronted with the hard choice bet.'een then, school administrators 
opt for salary at the expense of teacher-pupil ratio. The findings here 
would support such an Interpretation. Note that this Is not the same 
thing as saying that larger class size Is better per se , which is non- 
sense. It does seem to say that within limits paying higher salaries 
buys more quality than changes in pupil-teacher ratio.* 

Turning to the positive school variables, the consistently mobt 
Important Is expenditure per pupil on principals and supervisors, wlc 
the salary variable second. Thes ^ relationships If anything emphasize 
the importance of resources spent for supervision (this is especially 
true for the extremes In soclo-econcwnlc baeVground, see below). This 
finding Is similar to one by Turner, who found In an Intensive study 
of teachers In Indiana that only districts with well-developed super- 
visory staffs were able to affect teacher behavior In desired ways. (22) 
5. School effects versus socio-economic effects 

If the Index of occupation Is at all good as a measure of the 
socio-economic "atmosphere'^ of schools (as it seems to be, heurlstlc^lly , 
Judging from Its pervasively strong relationship to achievement perform- 
ance, even In rural and village districts where nothing else seems to 
matter), then these findings seem '‘o be telling us that both school and 



The words "within Holts" In tue previous sentence cannot be over- 
emphasized. In these New York data the range of teachers per one thousand 
pupils, which Includes moat school districts, Is from 35 to 50 which Im- 
plies class sizes In the range from 22 to 30. 

Thece are always a few reported teachers who do not meet classes 
full time and so the figures do not convert exactly. Indeed, If reporting 
Ij not uniform, teachers per thousand would not convert to class size at 
all and therefore we must be careful to Interpret the present variable 
properly. Accounting procedures and reports for school personnel In New 
^ York are quite precise, however, end any errors Introduced because of 
reporting discrepancies are In ay opinion quite small. 
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community varlaMes are Important. There Is not much support here fat 
least In the urban districts) for those cynics who (sometimes because 
of a misreading of the Coleman report) feel that schools can do nothing 
to override the effects of environment. The importance of school effects 
are especially established by the gain models, since they — by introducing 
prior performance in one of two ways — probably understat e the contribution 
of school, since prior performance levels which are due both to school and 
environment are summarily subtracted out. 

6. School Inputs and socio-economic background 

Since the mod^l usel a stratification scheme for social class accord- 
ing to occupation, there exists Interesting potential for examining whether 
school Inputs are differentially related to the performance of pupils from 
different social classes. Several gcnerallzatlcns are possible. Most 
striking is the fact that the supervision variable Is very hlgV.ly related 
to the performance of pupils from the highest and lowest occupational 
backgrounds, especially the former* (This difference Is greater for 
arithmetic perforuiance than composite performance, however.) But despite 
the Importance of the supervision variable for the social class extremes, 

It Is possible to conclude that the three positive school variables are 
in general much more consistently related to the performance of children 
In the middle of the socio-economic spectrum. This Is especially true 
with the gain flndit.gs. Except for supervision, these schools seem better 

See (6). 

ee 

Admittedly, this theoretical expectation does not conform well 
to the fact that school variables In the gain models appear more sig- 
nificant. Perhaps mobility considerations foj the pupils (entering 
the school district in grades 2 and 3 with beginning training from 
other districts) does Indeed make for the difference. 
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’’tuned to the wavelengths” of middle-class children than those from 
the highest and lowest backgrounds* This finding, especially as related 
to the lowest group, Is consistent with what educational observers In 
recent years have been saying ever more Insistently, 

Another interesting finding Is that the occupational index becomes 
consistently more significant as occupation level goes from high to low* 
implication here Is plain; peer group and other socio-economic school 
influences are indeed important for children from low socio-economic back- 
grounds. 

7. Findings for all pupils taken together 

The bottom fitted equation In each table Is that for all pupils 
taken together, which was included for completeness despite the fact 
that the model demands stratification. Since some socio-economic effects 
are not removed by stratification, we might reasonably hypothesize that 
the occupation index Is much more highly related to the scores for all 
pupils than for those In stratified groupings. With the composite score 
this is what happens as the occupation Index displays levels of statisti- 
cal significance which are considerably greater than those for the strati- 
fied populations. With arithmetic this la not as true on the other hand 
and. If not a chance occurrence, this would Indicate that arithmetic Is 
indeed more related to school and less related to socio-economic factors. 

Suimaary of Findings 

The findings Just discussed can be briefly summarized Into the 
following points. 

1* The explanatory model lacks explanatory power In the 27 
rural and village districts in the study* 
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2. The arithmetic measure is less sensitive to the socio- 
economic variable, but Is not more highly related to 
the positive school Inputs than the composite measure. 

3. Ihe models which use score level and those which use 
gain In score from grade 4 to grade 6 give similar 
results. School Inputs are oomevhat more related to 
gain In score than level of score. 

4. Teacher-pupil ratio Is consistently related to pupil 
performance negatively. One explanation for this Is 
that educators within limits sacrifice class size for 
salary level. 

The most consistently Important school variable Is 
expenditure on supervision, although the salary 
variable Is as Important for the middle-class socio- 
economic groups. 

3« Both school Inputs and socio-economic factors were 
found to be highly related to pupil performance. 

6. Expenditure on supervisory personnel Is most highly 
related to pupils from the highest and lowest 
occupational backgrounds— especially the highest. 
Salary and value of school district property are more 
highly related to the performance of children from 
middle-class homes. 

The socio-economic Index was moat related to the 
performance of children from lower socio-economic 
homes . 







28 •• 



- 28 - 



Conclusions 

In assessing the Importance of the findings which are presented 
In Tables 1^ 2, and 3 , perhaps the first question to be asked concerns 
how far we have gone toward establishing an educational production 
function. The ansver Is, of course, "not very far." What has been 
demonstrated Is a set of relationships within a group of 46 urban school 
districts during a three-year Interval. We have no assurance that these 
districts were behaving such as to optimize the product (achievement 
performance) measured and, even more Importantly, even If they were so 
optimizing, they may not have been successful at ub’ng the best methods 
for doing so. It might be possible to argue (In analogous fashion to 
students of the firm who aver that successful firms optimize profit 
whether consciously or not) that successful school districts optimize 
cognitive gains. Indeed, It Is possible to speculate even luore danger- 
ously and argue that cognitive success Is highly related to success in 
non-cognltlve areas. While this might be reasonable for some groups. 

It doesn't seem obvious that It would be for all of them (this Is a 
proposition which can be carefully tested and such testing Is overdue). 

If there are joint products. In other words, and If they are competitive 
Instead of complementary, then something more than cognitive test scores 
will be necessary to measure output. It should be added, however, that 
most policy-makers In the field of compensatory education, where devia- 
tion between cognitive and non-cognlclve objectives Is presumably greatest, 
are relying Increasingly upon achievement test results as their criterion 
of success* A partial reason fer this, Ir. turn, may be that the testing 
art Is much more poorly developed in the non-cognltlve areas. 
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But there are more difficulties • The data used vere aggregated 

A 

such that there were virtually no detailed personnel characteristics. 
Also» without more of a theoretical guide from learning theory, and 
given highly collnear school and community variables, the empirical 
estimating model must necessarily be regarded as only proximate. Third, 
the correct unit for some of the characteristics studied Is the Indi- 
vidual school building or the classroom. Use of school district aggre- 
gates for such variables Is similar to using an out-of-focus telescope. 

On the positive side It should be noted that most school Inputs 
were represented more or less completely by the estimating model and 
also that the data were more than merely class-sectional since a two- 
year longitudinal follow-up was Involved. This longitudinal aspect Is 
one of the real strengths In this data set. And, despite the problems 
concerning what schoolmen optimize. It nevertheless remains that this 
analysis has shown characteristics which go with Success as measured 
by the most widely used measure of educational performance In existence. 
Therj are, to be sure, difficult questions raised by aggregation but 
these are not regarded as extreme since the 46 urban school districts 
represented In the findings either had only one elementary school or 
were reasonably homogeneous with respect to average occupation of the 



Since teachers and administrators comprise most of the meaningful 
educational Inputs, much more detail is needed with respect to teacher 
and administrator characteristics. Work presently being done by 
Hanushek and by Levin and Mlchelson, which Incorporates teacher per- 
formance on cognitive tests as one of the Inputs, Is a step In this 
direction. But In order to gain this kind of Infonnatlon the researcher 
uauclly must sacrlflo^ some analytical breadth. Thus both Hanushek and 
Levln-Mtchelson are working with only one school district and this Is 
harmful If there are significant between-dlstrlct differences In teacher 
characteristics. Despite this drawback, both studies show much proralce, 
however. 
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pupils* breadwinners* On balance, it Is felt that these findings are 
Imports t but, until replicated In other studies, should only be regarded 

it 

as suggestive. 

Finally, a word needs to be said concerning policy Implications of 
the findings In this paper. Three points are germane to this question. 
First, these data are relatively old and schools have changed rapidly 
In the past few years. Second, It would be most dangerous to extrapola*"e 
beyond the range of observed experience In the data. Third, the findings 
above give no clue concerning which coi blnatlons of Inputs might have to 
be Increased together to obtain desired results. For these reasons, 
especially the last, plus problems with the cardinality of the output 
measure. It was thought Improper to assign efficiency (In the sense of 
number of months achievement performance associated with different 
amounts of expenditure on each Input) and this has not been done. Such 
precision cvalts better future work. 

^There Is undoubtedly a limit to the developing of educational 
production functions from cross-section analysis. More scientific 
would be the careful longitudinal testing of various different school 
inputs with carefully designed control groups. Th'j cost of doing this, 
while great, would be worthwhile, and, given the fact that only 4 per- 
cent of the educational GNP Is now spent on research and development, 
reasonable. 
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